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Introduction
Almost one-half of the described vertebrate species on Earth are fishes, 700 of which are found in the freshwater ecosystems of North America (Allan and Flecker, 1993) . Geologic and biologic processes have influenced this diversity. Geologic processes can isolate hydrologic drainages, isolating fish populations from each other, resulting in genetic dissimilarity between populations and different evolutionary trajectories. This has resulted in an extraordinary amount of diversity of different species and subspecies of fishes (Allan and Flecker, 1993) . However, freshwater fishes and their ecosystems are among the most threatened fishes and ecosystems in the World (Ward, 1998; Malmqvist and Rundle, 2002; Dudgeon and others, 2006) . There are many causes for the decrease in biodiversity of freshwater fishes, including habitat loss and degradation, invasive species, overexploitation, secondary extinctions, chemical and organic pollution, and climate change (Allan and Flecker, 1993) .
One of the major threats to endemic biodiversity of aquatic ecosystems is the invasion of nonnative species (Dudgeon and others, 2006) . Non-native saltcedar (Tamarix spp.) has proliferated throughout aquatic habitats in the Southwestern United States since its cultivation in the early 1900s (Di Tomaso, 1998) . Saltcedar can change the dynamics of aquatic ecosystems by lowering the groundwater table, altering organic matter inputs, decreasing the amount of sunlight available, and reducing algae abundance for aquatic herbivores (Kennedy and Hobbie, 2004; Kennedy and others, 2005) . Invasions of non-native western mosquitofish (Gambusia affinis), and red swamp crayfish (Procambarus clarkii) also pose a major threat to the biodiversity of these unique ecosystems through competition and predation on native fishes (Guan and Wiles, 1997; Caiola and de Sostoa, 2005) . Removal of saltcedar from aquatic ecosystems is a popular management strategy that has a positive effect on the abundance of native fishes while also decreasing non-native crayfish, and is a high priority in managing aquatic ecosystems throughout the arid Southwest (Kennedy and others, 2005; Shafroth and others, 2005) .
The Amargosa River is an ephemeral stream in the Mojave Desert of southeastern California. During the late Pleistocene epoch, it traveled its entire course from southeastern Nevada to what is now known as the Badwaters of Death Valley, California (Hubbs and Miller, 1948) . Perennial aquatic habitat is located where springs and seeps separate long stretches of arid desert. This unique combination of arid desert dotted with areas of surface water containing perennial riparian vegetation has allowed for a diverse set of aquatic biota, most of which are endemic. Endemic aquatic biota of the Amargosa River watershed include the Devils Hole pupfish, eight other subspecies of pupfish, speckled dace, spring snails, aquatic beetles, and the very rare Amargosa toad (Anaxyrus nelsoni; Williams and others, 1984; Deacon and Deacon-Williams, 1991) . Within the Amargosa River watershed, the Amargosa River pupfish (Cyprinodon nevadensis amargosae) and speckled dace (Rhinichthys osculus spp.) are two fishes endemic to the Amargosa River Canyon. . In summer 2010, a survey was conducted to determine the relative distribution and abundance of Amargosa River pupfish (hereinafter, pupfish) and speckled dace throughout the entire 16.75-km perennial reach of the Amargosa River Canyon (Scoppettone and others, 2011) . During the 2010 survey, it was noted that saltcedar had invaded a large part of the Amargosa River Canyon. In 2010, pupfish (n=8,558) and speckled dace (n=3,429) were distributed throughout the stream in relatively large numbers. However, pupfish captures were substantially less in stream reaches dominated by saltcedar. Red swamp crayfish (n=195) and mosquitofish (n=1,095) were relatively rare but widespread in distribution, and likely pose a threat to native fishes (Scoppettone and others, 2011) .
In October 2014, a second survey of fishes and crayfish was conducted in the Amargosa River Canyon prior to saltcedar removal. Saltcedar was removed in autumn 2014 and autumn 2015 along a stream reach (hereinafter, treatment reach) 1.5 river kilometers south of the Old Spanish Trail Highway and 1,550 m in length ( fig. 1 ). To facilitate comparison of relative distribution and abundance of fishes and crayfish and provide a pre-treatment baseline for saltcedar removal, sampling locations for the fish and crayfish survey in 2014 were identical to locations in 2010 in the treatment reach, with the exception of a 500-m reach where traps were set at a greater density.
The objectives of this study are to (1) compare the relative abundance and distribution of pupfish, speckled dace, mosquitofish, and crayfish in 2010 and 2014 in the treatment reach, and (2) describe the relative abundance and distribution of these species and the surrounding riparian vegetation prior to the removal of saltcedar. 
Methods
Sampling for fishes in the treatment reach in 2010 occurred between June 21 and July 29, and sampling in 2014 occurred between October 6 and 8. The treatment reach begins 1.5 river kilometers downstream of the Old Spanish Trail Highway (OSTH) near the town of Tecopa, California, and ends 3.05 river kilometers downstream of OSTH. The total stream reach was 1.55 river kilometers in length ( fig. 1 ). We used Geographic Information System (GIS) tools in ArcGIS™ 10 (Environmental Systems Research Institute, 2010) and the National Agricultural Imagery Program (NAIP) to trace stream channels and to determine sampling locations. In 2010, there were 32 sample locations 50 m apart in the treatment reach. In 2014, the treatment reach was resampled at the same locations as in 2010; however, a 500-m section in the middle of the reach (beginning 2.05 river kilometers downstream of the OSTH) was sampled every 12.5 m. A total of 62 locations were sampled in 2014. Because of the different sample regimes conducted in 2014, the sampled reach was divided into three sections: (1) Fish captured were identified to species and enumerated. Ten fish of each species (if available) per trap were measured to fork length (speckled dace) or total length (pupfish and mosquitofish). Red swamp crayfish also were enumerated and measured from the tip of the rostrum to the tip of the uropods. Fish and crayfish captured in traps were placed in a container with regional water until enumerated and measured and then returned to the stream in the location where they were captured. Stream depth, width, and temperature were recorded at each sample location in 2014. Dominant riparian vegetation type (native sedge/non-native Typha spp. or Phragmites australis) based on visual interpretation was recorded at each sample location. The 2014 survey of riparian vegetation type was more detailed in that it consisted of more categories and percentage of cover for two dominant riparian vegetation types.
Results and Discussion
Total number of pupfish captured in the treatment reach were similar in 2010 (1,207) and 2014 (1,073); however, the catch per unit effort (CPUE, catch per trap), was much higher in 2010 (37.72) than in 2014 (17.31). Total number of speckled dace captured in the treatment reach were lower in 2010 (572) than in 2014 (960); however, the CPUE was higher in 2010 (17.88) 2 ). More juvenile pupfish were captured in the 2014 survey (taken in autumn) than in the 2010 survey (taken in summer), indicating that juveniles in this system do not reach trapping size until autumn.
During the 2010 survey, a total of 215 speckled dace were measured (fork length), with a mean length of 53.4 mm (SD=13.7). During the 2014 survey, a total of 395 speckled dace were measured, with a mean length of 47.7 mm (SD=11.6). The length histograms of speckled dace differ between years; in 2014, there is a clear distinction between two groups of speckled dace ( fig. 3 ). This distinction in lengths could be owing to different cohorts present in the population and (or) differences in lengths between males and females, which cannot be determined in the field. Mean length of crayfish was 62.4 mm (SD=8.8, n=73) in 2010 and 61.6 mm (SD = 14.0, n = 143) in 2014. Mean length (total length) of mosquitofish was 34.0 mm (SD=8.9, n =67) in 2010 and 30.7 (SD=6.2, n=88) in 2014. In 2010, the riparian vegetation in the upper reach was dominated by cattail (Typha spp.) and common reed (Phragmites australis), whereas the middle and lower reaches were dominated by native sedges (fig. 8) . The 2014 survey consisted of a more detailed survey with more riparian plant community descriptions; therefore, a complete comparison across years could not be conducted. However, the 2014 survey of riparian vegetation indicated that the middle reach was dominated by cattail, whereas the lower reach consisted mostly of sites dominated by sedge. Based on the 2014 survey, it appears that common reed is spreading throughout the entire study reach ( fig. 8) . A description of the percentage of riparian vegetation cover, stream width, stream depth, and temperature for each site is available in appendix A.
The decrease in pupfish captures in 2014 could be owing to a number of factors other than a change in abundance. The timing of sampling was different in 2010 and 2014 so observed differences in fish populations could be owing to seasonal changes in recruitment and (or) movement. Streamflows in the Amargosa River Canyon are consistent (average 2.21 ft 3 /s; U.S. Geological Survey, 1995) because they originate from springs associated with an alluvial aquifer in contact with bedrock. This system, however, is subject to flash flood events. The maximum instantaneous discharge was measured at 1,500 ft 3 /s in February 1969 (Anderson, 2005) . A similar event occurred in December 2010 when stream discharge peaked at 1,050 ft 3 /s on the Amargosa River downstream of the OSTH at U.S. Geological Survey streamgage 10251300 (U.S. Geological Survey, 2016). This flash flood occurred between the two surveys and could have affected the assemblage and abundance of fishes in the Amargosa River Canyon, resulting in the lower captures in the 2014 survey (Labbe and Fausch, 2000; Dexter and others, 2014; Bond and others, 2015) . Changes in riparian vegetation could also contribute to changes in fish populations. The vegetation survey conducted in 2014 indicated that the middle reach was dominated by cattail and common reed, which have the potential to decrease streamflows creating habitat less suitable for species such as pupfish and speckled dace (Scoppettone and others, 2005) . 
Management Implications
The decrease in pupfish CPUE from 2010 to 2014 in this surveyed reach is concerning, although this could be an artifact of seasonal variation or a natural response after a flash flood. A survey of this reach in the summer months could determine whether this decrease is seasonal or an actual decrease in pupfish abundance. Future monitoring efforts of fishes in the Amargosa River Canyon should be conducted in the same month to account for seasonal changes in abundance and distribution. A quantitative study design that does not rely on the assumption that capture probability remains constant over time and space could be more useful as more reaches of stream are treated for removal of saltcedar. Although the population of non-native mosquitofish does not appear to be increasing in this reach, the red swamp crayfish CPUE has increased. Although saltcedar is an invasive species of concern in the Amargosa River Canyon, restoration efforts should consider monitoring and removal of other aquatic invasive species such as cattail and common reed as a priority, as these species are becoming more prevalent and could negatively affect native fish species by decreasing stream velocities to favor nonnative species. Past fish surveys of the Amargosa River Canyon have indicated that red swamp crayfish occur in higher densities in areas dominated by saltcedar (Scoppettone and others, 2011) . Kennedy and others (2005) showed that removal of saltcedar in a desert stream similar to the Amargosa River increased native fish abundance and decreased the abundance of crayfish. The 2010 and 2014 fish and crayfish surveys can be used as a baseline to determine the effects of saltcedar removal as a management strategy in the Amargosa River Canyon Area of Critical Environmental Concern to maintain and enhance the Amargosa River pupfish and speckled dace populations. 
